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Introduction
Fuzzy logic was originated and founded by Zadeh, has been around the world since 1965, [10] and was first developed by [2] for controlling a steam engine. The extensions of type-1 fuzzy set (T1 FS), the type-2 fuzzy set (T2 FS) were introduced by Zadeh in his trio paper [11] ten years later. T2 FS have been used in many field such as engineering, robotic, liquid level process and much more. The type-2 fuzzy logic system (T2 FLS) has a potential to provide a better performance than type-1 fuzzy logic system (T1 FLS) such as [3, 5, 6, 12, 13, 21] . But there are several researches have been done in using type-2 fuzzy in economy mostly related to stock market in [7, 9, 14, 15, 16] . There are still no research has been done in measuring the size of UE using T2 FLS except by using T1 FLS in [1, 17, 18, 19, 20] . We will use two major factors that affects the size of UE, tax rate (TR) and government regulation (GR) because these two factors gives the biggest impact in the size of UE for the period 2001 until 2010. and is typically written as
where ∫ ∫ denotes union over all admissible x and u. 
where the position of ( )
Ã is an interval T2 FS (IT2 FS). There exists an uncertainty in the primary membership of a type-2 fuzzy set Ã consists of a bounded region known as footprint of uncertainty( FOU) as in figure 1.
Definition 3.
There are two type-1 membership functions that bound the FOU( Ã ) that is lower membership function(LMF) denoted by
and upper membership function denoted by
and 
Designing the ITFLS Model for UE
Fuzzy logic is a technique that can be used in dealing with human reasoning and decision making processes which involves inexactness, approximation, uncertainty, ambiguity, inaccuracy, vagueness, perception, subjectivity or sources of imprecision that are non-statistical in nature and this includes measuring the IV of UE. UE are something that involves with uncertainty and an inexact value. The IT2 FLS model is developed and designed to find the UE IV. The IV reflects as the indicator whether any people will evade or pay tax and follow the regulations. The fuzzy logic system consists of four components namely fuzzifier, inference engine, rule based and defuzzifier and for IT2 FLS there is an additional component that is type-reducer [6] . Figure 2 shows the control mechanism or a model for the IT2 FLS in UE. (table 4) . 5) Type-reducer: Calculate the type-reducer using the membership function in figure 4 and apply the Enhanced Karnik Mendel Algorithm (EKMA). 6) Defuzzification: Apply defuzzification process to find the IV. 7) Crisp output decision: Determine the decision that will be make by tax payer whether to pay or evade from paying tax as in figure 2.
Build the Membership Functions for UE
In measuring the IV of UE in Malaysia, we will use two causal variables that are believed to be the main reason of UE activities that is TR and GR. However, the choice of the causal variables is subjective. The TR is the ratio of total tax revenue to gross domestic product (GDP) while the GR is the ratio of government regulation to GDP as in [20] . We will use the moving average process to find the 'normal' value for the year 2001. A minimum of 6 years data are used in the moving average process to take account of a possible electoral data [17, 18] and the data are gain from International Monetary Fund, Government Finance Statistics Yearbook and data files, World Bank and OECD GDP estimates. 
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Hence, for the normal value of the year 2001 the year related is from the period of 1995 until 2000 and for the year 2002 the year that associated with it is the year 1995 until 2001 and the same step is done until the year 2010. Next, we will created a scale or boundaries of the linguistic terms and determined the levels of it as "Very Low", "Low", "Normal", "High" and "Very High". The size of the UE are also translated in a linguistic terms to "Very Small", "Small", "Medium", "Big" and "Very Big" as shown in table 1.
This linguistic term is associated with the membership function and these linguistic terms boundaries are also subjective. Then, we have to assign the associated values with the subjective levels for both of the variables for each year. This process involves calculating the value of the associated levels using the standard deviation (SD) around the normal value in each year as been summarized in the table 1.
Tax Rate (TR) 
Fuzzification of TR and GR
The IT2 FLS form of the membership function and the fuzzification for TR and the GR is Figures 5 and figure 6 show the membership function and the fuzzification process for IT2 FLS. The difference between IT2 FS and T1 FS is there is more intersection point for IT2 FS because of their nature of membership function.
IT2 FLS Model Rule Based
All the process and the rules for the IT2 FLS are remains exactly the as T1 FLS, but some or all the FSs involved are type-2. Here, we also assume the consequent and antecedent of the fuzzy sets in the rule are type-2. From table 1, because now we deal with IT2 case, the symbol "~" above all the linguistic terms and SD that is used denotes IT2 fuzzy variable. In IT2 case, the way to express the rule no.1 is 
MIN and MAX Process for IT2 FLS Model
From the fuzzification process in figure and figure the fuzzy value of TR and GR 
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Abd. Fatah Wahab et al. Figure 7 shows illustratively how the MIN and MAX process for IT2 FLS model takes places. The first column is the membership function of TR, the second column is the membership function of GR, and the last column is the aggregation of the three consequents.
Type-reducer in UE
The form of interval indicates that the uncertainty is hidden between the intervals. Before we can find the crisp value between the intervals, first we have to reduce the IT2 FS to T1 FS. The type-reduction method has been well developed by Karnik and Mendel in [8] . We will use the EKMA as [4] for our type-reducer method as its effectiveness has been proven and have been used widely. Figure 8 : The AOC that is discretized into ten partitions
After the consequents are aggregated in figure, the aggregation of consequents (AOC) is then discretized into ten partitions as in figure 8 . The finer the AOC is discretized, the result will be more accurate and the computational cost will be higher. The next step is to apply the EKMA to figure 8. Interval type-2 fuzzy logic system model 5081
In figure 9 , the switch point of l y value equal to 0.4441 and r y value is equal to 0.6723 are shown.
Defuzzification in UE
The last step for measuring the UE IV in Malaysia and in FLS is to translate the fuzzy value to a crisp value or we called defuzzification process. The defuzzification process is execute by taking the average of l y and r y . This process can be done because y is an interval set. 
Results and Discussion
From figures 11, the sizes of the UE in Malaysia gives its highest value or at its peak on the year 2001 with the UE index 0.5582 and its lowest value on 2009 with the UE index of 0.2545. As we can see from Figure 11 We cannot determine which model or method is better or which method is more precise but what we can say is measuring the UE size by using the IT2 FLS is definitely more accurate than using the T1 FLS. This is support by many researchers and it is proven that IT2 FLS is better than T1 FLS. The IT2 FLS result is much more trustful rather that T1 FLS because of its nature of the membership function with a three dimensional membership function and its ability to model uncertainty directly because of their fuzzy membership function.
